Objectives The aim of the present study was to assess the educational plan of first-year students of medicine by analyzing their scores in ultrasound body scanning. Methods Since 2009, the San Paolo Medical School (Milan, Italy) has vertically integrated the study of anatomy with ultrasound-assisted virtual body dissection. Three modules were supplied: musculoskeletal system, heart and abdomen pelvis. 653 first-year students were trained. The students alternated as mutual model and operator. A skillfulness score was assigned to each student. The scores were consequently listed. Nonparametric exact multiple contrast tests were employed to determine relative group effects.
Introduction

Supersonic anatomy
Based on Swamy et al., in order to implement a practical approach in the preclinical phase of the medical curriculum [1] [2] [3] [4] [5] [6] [7] [8] , we carried out anatomy learning with ultrasound virtual dissection using a handy, noninvasive [9, 10] and accurate expeditious tool. This procedure is safe, repeatable and devoid of degradation. In the footsteps of Metcalf and colleagues, we also implemented the study of anatomy in the living individual, defined as living anatomy, by inspection [11] .
The focus of this educational project will be the ability to create the profile of a physician able to execute a first-level echography.
A century ago, physicians had to master stethoscopes. At present, graduates should master miniaturized echoscopes. Moreover, ultrasound is at hand and guarantees accessibility to multiple body regions as well as immediacy and transferability. Unfortunately, most medical schools rely on clerkship and residency experiences solely to equip medical students with ultrasonography skills; this means the training is often limited to passive experiences with little or no participation in image collection [12] . We reasonably believe that a self-directed learning approach should improve student engagement and the autonomous use of diagnostic ultrasonography guidelines [9] .
The present study shows an innovative didactic path that culminated in the exam test which assigned one credit in the core cur-riculum of each student. In verifying the effectiveness of the learning plan, we conducted an analysis of the student's competence by using the scores obtained by each candidate during the profit examinations. So we compared the scores in the different modules and the scores of subsequent academic years.
Participants and setting
Didactic plan
Following the Hannover Medical School experience, a standardized curriculum developed by faculty ultrasound experts was presented to the student body [2, 3] . The majority of students agreed to it.
Since academic year 2009, the San Paolo Medical School (SPMS) Didactic Council has approved vertically integrated courses of anatomy, technical skills training guided by peer tutors [13] [14] [15] and ultrasound with an approved evaluation program. The SPMS then certified an "ultrasound core curriculum" training credit to students who proved they could adequately scan the required structures. In order to implement the project, the faculty supported the structure and ultrasound devices for the independent training of students. In the anatomy course, we adopted modules in which topography could favor the technology of the various probes from the surface (linear) to deeper tissues (convex). The training included the study of the musculoskeletal system, major arterial and venous vessels, visceral spaces of the neck (thyroid, carotid arteries, jugular veins), most of the viscera contained in the chest (heart), abdomen (liver, gallbladder, spleen, pancreas, kidney, aorta and branches, inferior vena cava and its tributaries, portal vein and its tributaries), and pelvis (bladder, uterus, ovary) [16] . All modules were supplied to small groups, each consisting of a maximum of twelve beginner students, assisted by clinical/peer tutors (▶ Fig. 1, 2) . Each trained student participated alternately as a model and as an operator.
Module 1: living anatomy
Through the haptic interfaces, students located structures of interest (bones, epiphyses profiles, articular rhymes, muscles, tendons, ligaments, peripheral neurovascular bundles). For visual inspection and palpation, we adopted Tixa approaches [17] . In this module, students were tutored by the anatomists and the physical therapist. 50 h (h) were devoted by each student to this section: 20 h were tutor-assisted, 30 h were self-training.
Module 2: technical information about ultrasound scanning
The class was introduced to the physical principles of echography and to the different probes used to perform it in two lectures held by their physics professor.
Module 3: musculoskeletal system (MS) probing
In this section, an ultrasound machine equipped with a linear multi-frequency probe (Logic QE, Medical Systems, Milwaukee, WI, USA) was used to study the MS, neurovascular bundles and the neck region [15, 18] . During dedicated probe-in-the-hand sessions, each student practiced controlling the correspondence between palpatory detection and target structures (e. g.: rotator cuff tendons, E157 ▶Fig. 1 A group of twelve peer learner, assisted by peer tutors ▶Fig. 2 Probe positioned on glenohumeral joint ulnar nerve in the elbow, median nerve in the wrist, neurovascular bundles). Students were taught to recognize deeper structures of clinical interest, hardly traceable by palpation (e. g.: deep flexors/ extensors of forearm/leg; carpal tunnel). In the neck region, in order to evaluate right and left thyroid lobes, the probe was aligned with the thyroid cartilaginous prominence; two scans were conducted along the longitudinal and axial planes. 40 h were devoted to this section (20 h tutored; 20 h self-training).
Module 4: thoracic, abdominal, and pelvic probing
In this module, students applied topographical knowledge to identify the optimal windows to approach the region of interest. Students practiced on the chest, abdomen, and pelvis survey using both Logic QE and a pocket-sized ultrasound machine (VScan GE Medical Systems, Milwaukee, WI, USA). Students were taught to scan correct and complete images from the organ of interest. For instance, they had to perform the following ultrasound projections of the heart: parasternal long axis and parasternal short axis at the level of the semilunar cusps of the aortic valve, at the level of the mitral cusps and at the level of the papillary muscles, the apical four chambers and the two chambers [19, 20] . For liver scanning, we followed a sub-costal epigastric approach to study the left lobe and a transverse sub-costal or inter-costal approach to scan the right lobe. To explore and identify sectors, the liver was scanned with optimal windows to obtain the confluence of hepatic veins on screen. Liver segments were studied by observing right and left branches of the portal vein [21] [22] [23] . The spleen and kidneys were explored through long and short axes. Renal vascular segments were also studied. Positions, courses and main branches of major abdominal vessels were then explored.
This module required 80 h (40 h with peer tutors, and 40 h of self-training).
Participants
From 2009 to 2016, all 651 students attending the first year were trained with this approach. The student sample is reported in ▶ Table 1 .
During each academic year, 16 first-year students volunteered in the training to become peer tutors. Expert sonographers (clinical tutors) directly trained peer tutors to obtain anatomically appropriate windows and correct complete scans for each region. The enabled peer tutors assisted the peer learners attending the same course.
Evaluation parameters
The acquired skills were verified by clinical specialists. In order to avoid assessment bias, the examiners evaluated the students they had not trained [24] . For each module, evaluation involved six main domains: i) skillfulness regarding regional topography/living anatomy; ii) window chosen for each scan plane; iii) description of the procedure; iv) communication skills; v) technical ability. Each scan procedure should be properly completed in no more than 5 min. Hence for each single module, students had to be able to identify and recognize intrinsic landmarks to the target organ, necessary and useful to obtain repeatability, reliability and interchangeability in scanning. We assigned scores following these criteria: Fail = 0 (below the expected level of competency), pass = 1 (reflecting a borderline level of competency), high pass = 2 (meeting the expected level of competency) and honors = 3 (representing an above expected level) [25] . In any examination, assessment is always subjective. Therefore, we found standard validation to be superfluous.
Data collection
Within each academic year, the scores of first-year students, both peer tutors and peer learners, were listed. The percentage distributions of scores were then computed. Since the intended aim was to verify the requested familiarity with scanning via ultrasound structure, it seemed appropriate to use the same evaluation parameters for both peer tutors and peer learners.
Statistical analyses
In order to analyze data, we chose an r extension package called nparcomp [26] , which can be used to compute nonparametric exact multiple contrast tests (MCTP) and simultaneous confidence intervals (SCI) for relative group effects. The MCTP function provides contrast matrices: "Tukey" for all-pairs comparisons, or change-point comparisons, takes the correlation between the test statistics into account. To analyze gender and peer effects, the approximate Brunner-Munzel test was chosen.
Our intent was to analyze groups, i. e., women vs. men and peer tutor vs. peer learners, for any academic year and module. Three modules were set: (1) musculoskeletal system, (2) heart and (3) abdomen pelvis. Current literature states that men and women differ in handling abilities and spatial orientation. For this reason, we wanted to verify any gender-related difference [27] [28] [29] [30] . In the second step of processing, we analyzed the effect module on scores achieved by all students (peer tutor + peer learner). A priori we hypothesized that peer tutors would allow higher scores than peer learners because of motivation and for being expressly devoted to the course. The module and the academic year effects were studied by post hoc analysis.
Results
Generally, throughout the six years of observation, most tutees, either peer tutors or peer learners, scored levels 2 and 3. No peer tutors received a score of 0. ▶ Table 2 , 3 show the analysis report concerning gender and peer, respectively. Over the years and in the different studied modules, our analysis did not find evidence of a statistically significant difference between the performances of women and men. The analysis showed that the women's group tended to be equal to the men's (0.49; p = 0.769), and peer learners did not perform as well as peer tutors (0.677; p = 0). ▶Table 4 shows the analysis report concerning the three investigated modules. The skillfulness scores in the musculoskeletal system module (p MS = 0.726) tended to be higher (p < 0.001) than those in the other two modules (p H = 0.398; p AP = 0.375 p = 0.270). ▶Table 5 resumes comparisons between peer tutors vs. peer learners within the academic year and module. Generally, peer tutors performed better than peer learners. Differences were significant in the heart module for all academic years and in academic years 2009 and 2014 in the musculoskeletal system module (p < 0.05).
In academic year 2009, in the heart module, peer learners performed better than peer tutors, but the difference was not significant. Therefore, a prior hypothesis stating that peer tutors would perform better than peer learners had evidence for the abdomen pelvis modules in all academic years; for the heart module in academic years 2012, 2013, 2014 and 2015; finally, for the musculoskeletal system in academic years 2009, 2014 and 2015. Most of the differences between the performance of peer tutors and peer learners were significant (p < 0.05).
Generally, musculoskeletal structures appeared to be satisfactorily detected. In this regard, level 3 was scored by all first-year students in 2011, 2012, 2013 and 2014, and by the majority of students in the remaining academic years. Detection of the heart seemed to be the most difficult both for peer tutors and in peer learners. Although they had similar frequency distributions, the heart module scores were lower than those obtained in the abdomen pelvis module, particularly with respect to level 3 scores.
Discussion
From our data, the correspondence between anatomy palpation and ultrasound in the region of interest probably ensured optimal skills, while surveys of deep structures were more difficult. For diametrically opposed reasons, the heart and liver proved to be the core of complexity. Indeed, the heart is a small organ, rich in structures whose inclusion in basic scans is indispensable for a screening checkup. Slow and careful movements of the probe were required to obtain a correct and complete scan. Conversely, the liver is one of the largest organs in the human body, so good knowledge of topographical anatomy is required to identify the optimal windows to scan correct and complete profiles of the structures of interest.
According to the students, the use of ultrasound to learn about anatomy is a bridging tool. In their opinion, it improves the operational importance of anatomical knowledge.
Peer-assisted learning has been defined as a situation in which "people who are not professional teachers help each other to learn and learn themselves by teaching". Anatomy represents a typical field of medicine in which peer teaching systems are implemented into medical education [31] . Acceptance of peer teaching was ex-traordinarily high among tutees; well-trained peer tutors were widely appreciated and all tutees recognized their obligation to teach colleagues [32, 33] . It is necessary to emphasize that peer tutors did not receive any contract or financial compensation from the faculty as student assistants. Through the implementation of the peer education model, the project of ultrasound anatomy established itself as a model which can be used by all students of the course [5, 14, 34, 35] .
Taking account of the newness, the employment of peer tutors in training, the necessary arrangement in both processes of teaching and learning, which affected the attention of the learners, the level of expertise obtained by peer tutors and by peer learners can be considered satisfactory. To our knowledge, this professionalizing module delivered in the first year of the course of medicine has no precedent, although similar experiences are provided (rely on clerkship and residency) in clinical courses. It is obvious that the project beginning with the first year must be implemented by robust continuous undergraduate educational training with a vertical form of curriculum, in a preclinical and clinical strategy like that recommended by European Federation of Societies for Ultrasound in Medicine and Biology (EFSUMB). In agreement with Cantisani et al., we believe that it is essential to include the basics of US in the greater framework of general medical education [34] .
Limitations
This study lacks the evaluation of possible differences in performance between untrained students vs. students trained in ultrasonic anatomy. From the point of view of vertical, shared and interdisciplinary teaching, we focused on the module following the guidance of clinicians in planning a virtual dissection experience that adequately tracks what traditionally competes at the core of anatomical teaching. However, we propose investigating this important aspect in a dedicated study. In different courses, we ascertained different score levels. It may be that independent and strictly subjective proficiency behaviour occurred. The motivational aspects seemed to be critical regarding proficiency achievements. The lack of a clinical context probably undermined the attention in the scanning training.
Implication for future improvements
We hope that our didactic method will progressively become part of the core of medical practice, particularly with respect to the culture needed to use ultrasound effectively. The recommendation is to extend this competence to all medical students, in order to promote its adoption by nurses in blind maneuvers (such as blood withdrawals, intravenous therapies, catheterizations) as well as in rehabilitative ultrasound imaging (RUSI).
However, the main objective in training future physicians to handle ultrasonography with care and to prepare them for their professional life with the necessary expertise in using a personal stethoechoscope was successfully started [35, 36] . 
